Abstract-The method to fabricate silicon-on-glass materials for the applications of intergrated optics and photonics is proposed. Anodic boning and selective etching are employed. SOG-based rib waveguides and nano-films are then studied.
I. INTRODUCTION
Silicon is one of the potential materials for integrated optics. Many silicon-based optical waveguide devices and the related theoretical analysis have been reported [1] [2] [3] [4] [5] [6] [7] [8] [9] . Now almost all of silicon-based optical waveguides were fabricated on the silicon-on-insulator (SOI) material, which has a top silicon layer as the core, a buried oxide layer as the lower cladding, and a silicon substrate. The SOI material is widely commercially available.
In this paper, we propose to use silicon-on-glass (SOG) materials for the applications of integrated optics and photonics. The method to fabricate SOG materials is presented in section II. Compared to using SOI, using SOG has the following two advantages: 1) the interface between the top silicon layer and the lower cladding can be pre-processed with structures and/or electrodes; 2) the lower cladding is thick enough to support optical guiding mode in the ultrathin nano-size silicon waveguides. In sections III and IV, SOG-based rib waveguides and nano-films are demonstrated.
II. FABRICATION OF SOG SLABS
The simplest way to obtain the crystalline-silicon waveguide layer on glass materials is to bond a silicon wafer with a glass and polish the silicon wafer to the expected thickness. Although this way can provide SOGs with high-quality surfaces, the thickness uniformity cannot be guaranteed, especially when the top silicon layer is thin.
In order to achieve high-quality SOG materials, we propose to use the SOI wafer, in stead of the silicon wafer, to bond with the glass wafer, after which the silicon substrate of the SOI wafer is removed by selective etching method. Figure 1 illustrates the process. Before anodic bonding, a process is applied to realize the electrical connection between the top silicon layer and the silicon substrate of the SOI wafers. The anodic bonding is processed at the temperature of about 300 °C. The bonding voltage is about 750 V. After anodic bonding, the bonded wafer is put into the 40% KOH solution to selectively etch the silicon substrate of the bonded SOI wafer. The exposed oxide layer can be removed by the selective etching in the BOE solution at the temperature of 40°C. In our experiments, the SIMOX-based SOI wafers with the thickness from 30 nm to 30 um are used and the glass is Pyrex 7740.
III. SOG-BASED RIB WAVEGUIDES
Using the SOG material, we fabricated rib waveguides. Inductive coupled plasma (ICP) reactive ion etching (RIE) was applied to etch the top silicon layer. Figure 2(a) shows the photo of a SOG-based rib waveguide with the rib width of 6 µm and rib height of 2.5 µm. The thickness of the top silicon layer is 5 µm. For comparison, Figure 2 (b) presents the photo of a SOI-based rib waveguide with the same parameters as the SOG rib shown in Figure 2 (b). We tested the optical loss of both the SOG and SOI rib waveguides. Measurement results show that both waveguides have the propagation loss of about 1dB/cm, which is mainly caused by the photolithography-introduced sidewall roughness. 
IV. SOG-BASED NANO-FILMS
Recently a lot of photonic components have been made on the SOI materials which have the sub-micron-thick top silicon layer [4] . In order to meet the requirements of the optical waveguides, the buried oxide layer of the SOI wafer used for the sub-micron applications should be thick enough. Now most sub-micron SOI photonic components were based on smart-cut-based SOI wafers that had the buried oxide layer with the thickness up to 3 µm [10]. If the thickness of the silicon core is below 100nm, the 3-µm buried oxide layer will be not thick enough as the lower cladding.
In order to investigate the properties of the silicon waveguide with the thickness below 100 nm, we fabricated silicon nano-films on glass. Figure 3 (a) shows the top view of the SOG nano-films with the thickness of 185 nm, 130 nm, and 75 nm, and Figure 3 (b) is the cross-section of the 185-nm SOG nano-film. Since the quality of the surface is one the key factor to influence the loss of the optical silicon nano waveguides, it was characterized by using the atom force microscope (AFM). Measurement shows that the root mean square (RMS) value of the roughness is below 5 nm. Table I presents the measured surfaces of a set of samples with the silicon thickness of 185 nm, 88 nm, 40 nm, and 18 nm. Their autocorrelation lengths are also listed. Experiments shows that the roughness and autocorrelation length are mainly determined by the quality of the SIMOX wafers. The uniformity of the thickness was measured by using an ellipsometer. The measured results are also shown in Table I . More experiments are on going.
V. CONCLUSION
The method to fabricate SOG materials for the applications of intergrated optics and photonics is proposed. Anodic boning and selective etching are employed. With the SOG materials, rib waveguides and nano-films are studied. 
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